Phosphorus runoff from the land application of poultry litter has become a concern in watersheds in the Ozark Plateau region, prompting local growers to use alternative litter management practices. One option is the export of excess poultry litter from producers in nutrient-surplus watersheds to users located in areas where nutrient loads are not problematic. In 2006, nearly 100,000 tons of broiler and turkey litter was exported by BMPs Inc., a nonprofit corporation providing litter management services. However, breeder hen litter and pullet litter are rarely exported because there are limited outlets for these lower nutrient value litters. Another poultry industry by-product is eggshell waste from egg-breaking operations, most of which is currently landfilled at a cost of $25/ton. Composting was examined as an alternative method to convert litter and eggshell wastes into a marketable soil amendment, making use of the beneficial soil nutrients available in both; 4 blends and 2 production systems were analyzed. Process results indicated that during composting, the observed temperatures of each of the 4 blends were different, but all followed a similar trend throughout the production cycle. Functional group inventory and diversity analysis indicated that all blends fell within optimal ranges of microbial species, except for the ratio of aerobic to anaerobic bacteria; only blend 4 was within the optimal value for this parameter. Diversity values for each blend fell within the moderate diversity range (3 < d < 6.5). Maturity analysis results indicated that no blends were mature at 11 wk (index <50%) and could not safely be used in horticultural applications but could safely be used in field applications. Break-even analyses indicated that compost could be produced at an average cost (across the 4 blends) of $17.48 to $20.09/ton for systems 1 (small-scale) and 2 (large-scale), respectively.
agricultural runoff. Recently, P runoff has become a concern in area watersheds, prompting researchers to identify alternative methods of litter disposal. A substantial number of growers will need to use alternative litter management practices to satisfy regulatory guidelines for nutrient application in nutrient-surplus watersheds [1] . One attractive option is the nonprofit corporation BMPs Inc., established in March of 2005 to coordinate pick-up and transportation of litter from producers in nutrient-surplus watersheds for distribution to users located in areas where excess nutrient loads are not problematic. Broiler and turkey litters have been the focus of export thus far. To date, limited outlets exist for hen and pullet litter. Breeder hen litter and pullet litter are typically lower in nutrient value than other types of litter [2] and are also more difficult to transport [3] . Approximately 55,000 tons of breeder hen and pullet litter was generated in the Eucha Spavinaw Watershed and Illinois River Watershed in 2004 [4] . Another byproduct of the poultry industry is eggshell waste from area egg-breaking plants, most of which is currently landfilled. This waste consists primarily of CaCO 3 [5] . Calcium in this form can be applied to the soil to increase soil pH. Proper pH management can have several benefits, including, but not limited to, 1) influencing the solubility of some essential plant nutrients; 2) reducing aluminum, which may be toxic and restrict root and top growth (restricted root growth also reduces drought tolerance); 3) increased efficiency of P; and 4) improved nodulation of legumes, allowing for more N capture from the soil atmosphere [6] .
Composting has been used successfully to convert agricultural and animal wastes such as poultry mortalities, PL, and hatchery waste into a value-added soil amendment product that is stable, a source of essential plant nutrients, and agronomically attractive [7, 8] . With the appropriate blend of inputs, composting temperatures are sufficient to reduce or eliminate pathogens such as escherichia coli and salmonella [9] . Poultry litter as an input in composting has been shown to contribute to a more efficient elimination of salmonella in compost [7] .
Composting pullet and breeder litter with eggshell waste is not only a waste management alternative, but is also a means of producing a horticulturally and agriculturally based resource. [10] [11] [12] . One attractive value-added market in the region for compost is the horticultural industry (nurseries, greenhouses, floriculturists, golf courses, etc.). Compost users in this industry have reported that the primary reasons for using compost were related to soil tilth, building the humus content of the soil, and increased plant growth [13] . However, the lack of information regarding the advantages and disadvantages of producing and marketing compost presents a barrier to compost adoption [13] . Sound production and financial information are needed to start a compost facility.
The objective of this study was 2-fold: 1) to identify an effective method of composting breeder hen and pullet litter with eggshell waste and other waste inputs into a marketable product, and 2) to estimate the production costs of each blend for 2 production systems. Four product blends were designed, inputs were combined accordingly, and the composting production cycle was completed. Through laboratory analysis at BBC Laboratories in Tempe, Arizona [14], the quality (microbial concentration, diversity, maturity, and stability) of each respective blend was assessed. Nutrient contents of each blend were based on the nutrient analyses performed at the University of Arkansas and USDA-Agricultural Research Service research laboratories [15] . Two hypothetical compost facilities were modeled to provide production budgets for potential operators.
MATERIALS AND METHODS

Inputs and Composting Process
Factors affecting the composting process include levels of oxygen and aeration; nutrients; moisture; porosity, structure, texture, and particle size; pH; temperature; and time [8] . Recipes for each blend were designed based on typical C and N (C:N) ratios, moisture levels, and structure ratings (airflow potential) of all inputs (Table 1) . Each blend had a beginning C:N ratio near 30; moisture levels were kept at approximately 50% during the compost process. Eggshell waste, breeder and pullet litter, hay, oak sawdust, unfinished compost, and clay (subsoil) were inputs in the 4 blends; proportions of each input were varied across the blends. Eggshell waste was obtained through Membrell LLC in Carthage, Missouri [16] . Membrell LLC produces products derived from eggshells and eggshell membranes. Before delivery, the shells were pulverized and dried (<10% moisture) and contained approximately 5 to 10% of the protein membrane. Breeder and pullet litter was obtained from nearby growers. Square bales of rotten hay were obtained from a local farmer; hay offers a good structure for oxygenation and was selected as the primary C source over wood chips because it breaks down faster and more completely than wood chips. Unfinished compost (the leftover materials cleaned off the sides of windrows), provided by Hostetler Composting in Berryville, Arkansas, was added to blends 2, 3 and 4, a typical practice for established compost firms [17] . Clay (subsoil) was used for its odor-reducing properties and its beneficial contribution to building humus soil structure [17] . Water was added during the turning process to maintain moisture levels. The final input to each blend was a combination of 3 microbial inoculants.
The Advanced Composting System of Midwest Bio-Systems Inc.
[18] was used to manage each blend. The Advanced Composting System is a highly aerobic and controlled process with quality monitoring throughout. Controls include recipe formulation and aeration, and moisture decisions based on readings of temperature, CO 2 , and moisture. The ideal C:N ratio for compost at the start is in the range of 25 to 30, and moisture content should be kept between 50 and 60% [8] . Temperatures are primarily controlled by the C:N ratio of the blend as well as by the replacement of CO 2 with O 2 during turning and the microbial activity, and should range from 130° to 140°F for at least 2 wk and then progressively decline [8] .
A composting firm in Berryville, Arkansas, was contracted to produce the compost blends designed for this project. The operator provided the site, tractor, compost turner, water wagon, labor, and some of the inputs used in the blends. Although the combination of inputs in each blend varied, the process for managing each blend was the same. Because different materials decompose at different rates, all inputs besides eggshells were formed into rows (individually), turned, and watered (if too dry) as each input was delivered. Ideally, all materials should break down at the same time once combined into rows, and the synchronized breakdown of materials should reduce the time required to finish the compost cycle and increase saleable output [17] . The process for combining inputs was designed to follow this progression: all inputs except the eggshells were combined and temperatures were allowed to reach a range of 130 to 140°F, and then the eggshells were added. By d 2, each blend had reached an internal temperature of more than 130°F. Because of a transportation issue, the eggshells were not delivered at this time. Another source of eggshells was not identified until wk 3, when Membrell LLC was contracted to deliver eggshells to the project site [19] .
The eggshells from Membrell LLC had a drastically lower moisture content than the original eggshells to be used (<10 vs. 50% moisture). The delay contributed to the windrows being kept at suboptimal moisture levels, and the hay became too dry and stopped decomposing. At wk 3, the eggshells, clay, and first application of inoculants (N-Converter) were incorporated into each blend according to the recipe. The N-Converter is meant to improve compost quality and increase the microbial population and diversity. Organic matter is broken down during this portion of the process by microbial processes and their resulting heat. Nitrogen is converted from NH 3 to NO 3 . The N-Converter contains microbes best suited to break down organic matter and convert the NH 3 from NO 2 to NO 3 [18] .
During wk 4 to 6, the windrows were turned every second or third day unless weather dictated otherwise. The frequency of turning during this portion of the production cycle was to keep CO 2 levels low and O 2 levels high enough to promote the growth of microbial populations. In wk 6, the Humifier portion of the inoculants was added in a split application and was intended to aid in the humus buildup portion of the compost production cycle [18] . At this point, most of the organic materials had been broken down. The Humifier provides microbial species that help to convert the broken down organic matter into humic substances while increasing the microbial population diversity of the finished compost [18] . During the final part of the cycle, wk 7 to 9, activities slowed. The compost was turned only twice during wk 7 and only once during wk 8 and 9, when the final portion of the inoculants (Finisher) was added. During this part of the cycle, short molecular chain humic substances extend to become long-chain varieties. Volatile substances are stabilized and the microbial population expands. The Finisher was added at this point because it provides microbial species that help to continue to build humus soil structure, stabilize any remaining volatile compounds, and further add to the microbial population and its diversity [18] . During wk 10 and 11, activity at the site was limited to curing and sampling. Because of the delay in adding eggshells, the materials continuing to break down were sufficient to produce heat and CO 2 . The compost was allowed to cure for 2 wk under cover, with turning done once per week. During wk 11, two samples of each blend were taken and shipped to BBC Laboratories for the compost quality analysis portion of the study. Each of the 8 samples was made up of 10 to 12 subsamples, totaling approximately 2 quarts of total material per sample [20] .
Compost Quality Analysis
BBC Laboratories performed 3 microbial tests for 1) functional group enumeration and diversity analysis, 2) stability analysis, and 3) maturity analysis. In addition, pathogen testing for e. coli and salmonella was conducted. Table 2 includes information on the optimal ranges and ideal values for each of the quality components as well as on pathogen limits [14] .
The functional group enumeration analysis indicated the number of viable microorganisms in a particular group. The 6 functional groups are summarized in Table 2 . The diversity analysis estimated the total number of different types of microbes in each category. The maturity analysis refers to plant toxicity associated with the compost. Immature composts contain more growthinhibiting substances than mature composts and include salts, NH 3 , phenolic substances, heavy metals, and organic acids. Stability analysis refers to the degree to which composts have been decomposed into more stable materials and was measured by the amounts of CO 2 produced or O 2 used per unit per hour under conditions appropriate for microbial growth. More stable compost will have lower respiration rates than unsta-ble compost ( Table 2) [21]. Estimates based on the nutrient analyses of compost samples done at the University of Arkansas Soils Laboratory were used to estimate the nutrient content of the finished compost.
Break-Even Analysis
A break-even analysis examined 2 hypothetical compost production systems using windrow composting. The production systems analyzed were similar to the one used in this study. System 1 had an input capacity of 5,000 tons of input; system 2 had an input capacity of 20,000 tons. The costs required for producing each compost blend included the total input costs, the total capital investment cost (land and improvement, equipment, etc.), the annual fixed [22] (ownership) costs, and the hourly variable (operating) costs. The compost systems were designed based on 2 objectives: 1) to minimize the capital investment, production costs, and time required, and 2) to maximize usable output. System 1 is a small-scale facility (5,000-ton input capacity using a 12-ft-wide windrow turner); system 2 is a large-scale facility (20,000-ton input capacity using a 17-ft-wide turner). Both systems screen all the finished compost and sell the product in bulk; system 2 was assumed to bag 25% of its compost into 2-ft 3 bags. Production budgets were generated from these systems to provide useful information to entrepreneurs interested in starting a composting operation.
The composting systems were patterned after existing commercial operations (such as the one used to produce the 4 blends) producing moderate-to high-quality compost suitable for a range of applications. Other information was synthesized from estimates of compost production systems made in previous studies [23] [24] [25] . Each system included 1) land requirements; 2) a production schedule; 3) a sketch of the production area layout as well as the materials preparation area, retention pond, and buildings (if required); 4) a list of machinery and equipment requirements; 5) labor and equipment requirements; and 6) summarized production budgets of the capital, fixed costs, and variable costs required [26] . Table 3 summarizes the capital and land requirements, purchase price, and cost estimates Most probable number/g. 3 Colony-forming units/g of dry weight. 4 NA = not applicable. 5 A measure of the level of oxygen present, indicating whether the compost is still actively breaking down for all components used in this study. Compost production was assumed to occur over a 6-mo season, with 3 mo required for storage and curing; compost sales, delivery, marketing; and feedstock contracting, delivery, and preparation would be annual activities. Each windrow was assumed to be turned 30 times before being covered for curing. Nine weeks was required to complete a batch, and all rows were combined at the end of the third week (2 rows combined into 1) and new windrows were formed at the same time, which resulted in 19 rows/acre completed during the 6-mo season. Equipment used to produce the compost was assumed to operate at 90% efficiency [27, [23] [24] [25] . Land was assumed to have a purchase price of $2,050/acre [28] , and improvements could be constructed for $7,200/ acre [25] . The annual fixed costs included were straight-line depreciation on land improvements, machinery, equipment, general overhead items license and permitting, repair and maintenance, testing, and insurance. Variable costs included those that varied with the output volume. Variable costs were based on equipment output capacities, production schedules, and packaging, if any (system 1 all sold in bulk; 25% of system 2 was bagged) [29] . Material costs included hay, oak sawdust, unfinished compost, breeder litter, pullet litter, eggshells, clay (subsoil), inoculants, and bags. Hay costs assumed the hay was rotten or spoiled and could be obtained at a discounted price equaling 10% of the average hay price ($6.20/ton [30]) plus a $4.00/ton hauling fee. Sawdust costs were $19.22/ton [25] . Unfinished compost was located on site and had zero material cost because the costs to produce this material were accounted for in the variable production costs. Breeder and pullet litter was budgeted at a cost of $4.00/ton for transportation and a $6.00/ton cleanout fee [3] . Eggshell waste had a transportation cost of $6.17/ton; this cost was observed in the delivery of materials for the 4 blends. Clay was budgeted at $0.91/ton. The inoculants required were budgeted at $0.425/yd 3 [31] and bags at $0.33/bag [25] .
Variable machinery and equipment costs included fuel, lubricants, and repair expenses [23, 25] . Costs estimates were updated by using 2005 Prices Paid Indices from the National Agricultural Statistics Service [32] . Hourly labor was budgeted at $12.23/h, the mean value for all farming, fishing, and forestry occupations, obtained from the Bureau of Labor Statistics [33] . System 2 was assumed to require a full-time manager to supervise and monitor the compost production facility and to implement marketing plans; a $43,270 salary was assumed [34] . The specific requirements and costs estimates for each system are found in the following sections.
RESULTS AND DISCUSSION
The delayed delivery of eggshells affected moisture and temperature. Because of the highly managed process used, the delay affected the quality of the end-product. Study results were perhaps negatively affected, and had the delay not occurred, the results would likely have differed.
Process Results
The primary measures for monitoring the composting process were temperature, CO 2 production and removal, and moisture. Moisture management was done simply by daily inspection of each blend, with moisture being kept near 50%. Figures 1 and 2 show the weekly average temperatures and weekly average CO 2 concentrations (before turning), respectively. The observed temperatures (all in degrees Fahrenheit) of each blend were different but followed a similar trend throughout the compost cycle ( Figure  1) . Each blend had a temperature of greater than 150°F for the first 2 wk and declined thereafter. During wk 3, the average temperatures ranged from 137 to 144°F; wk 4 temperatures declined to 115 to 128°F. Near the end of wk 4, the windrows were reconfigured to help retain heat and allow for better utilization of the compost site. During wk 5, temperature remained fairly constant (115 to 130°F), indicating that this strategy was successful [35] . During subsequent weeks, average temperatures continued to decline; by wk 9, all blends had temperatures ranging between 85 and 96°F, and by wk 11, at the start of the curing phase, all blends temperatures were in the ideal range (near 80°F). After 8 wk, compost is typically ready for use in field applications, but for safe use in containers as a fertilizer and soil amendment, further curing may be required. Before interest and tax. System 1 has an input capacity of 5,000 tons of compost, and system 2 has a capacity of 20,000 tons.
The average weekly CO 2 readings ( Figure  2 ) indicated that microbial populations in each blend were thriving and breaking down materials. The CO 2 readings were taken before turning to determine whether aerobic breakdown was being accomplished. Low readings (≤4%) could indicate that anaerobic conditions had been established. The average CO 2 during wk 1 ranged from 13 to 17%, indicating sufficient airflow to provide O 2 to the microbes so materials could be broken down. During wk 2 to 5, average weekly CO 2 readings remained between 15 and 20%. Readings on October 30 were very low (6, 4, 6, and 11% for blends 1 to 4, respectively), and it was suspected that in uncovering and starting to turn the windrows, the wind might have replaced the CO 2 with O 2 before an accurate reading could be taken. The following day, readings for all rows were above 20%, so the readings from October 30 were considered aberrant and were removed from the calculations. Average weekly CO 2 for wk 6 ranged from 18 to 21%. Readings from wk 8 indicated that weekly average CO 2 production was subsiding to levels below 10%. By wk 10, each blend was in the ideal range for finished compost (<8%).
Compost Quality Analysis Results
Results of the compost quality analysis are summarized in Table 2 [36]. Each blend was sampled twice and combined to find a mean value for each. All blends tested positive for e. coli but were within acceptable state limits for compost use in Arkansas [37] . The lowest levels of e. coli were found in blends 3 and 4. salmonella tests were negative for all blends. All blends fell within optimal ranges of microbial species enumeration, except for the ratio of aerobic to anaerobic bacteria; only blend 4 was within the optimal value for this parameter. The most aerobic bacteria were found in blend 4, but the values for all of the blends fell within the optimal range. Blend 1 had the highest measure of yeasts and molds (fungi). Nitrogen-fixing bacteria populations were the highest in blend 1, whereas blend 3 had the most actinomycetes and blend 4 had the most pseudomonads, which are important in helping plants make P available.
Total species diversity values for each blend fell within the moderate diversity range (3 < d < 6.5). The highest diversity value (6.2) was associated with blend 4, and blend 3 had the lowest. Each blend had high diversity values for yeasts and molds, pseudomonads, and N-fixing bacteria, whereas the diversity values of the other 3 functional groups fell into the moderate or low range. The maturity analysis results in Table 2 indicated that all blends were not yet mature (index <50%), although blend 4 approached the ideal range. These results were expected because the blends needed to cure for several more weeks before use. After allowing all blends to cure properly, each should be within acceptable levels of maturity. Accordingly, the stability analysis (respiration rate) results indicated that none of the blends was ready for use in horticultural applications but could be used in field applications. Blend 2 was the most stable at testing, but all blends had values of less than 35 mg of O 2 /kg. The nutrient analysis results are listed in Table 1 .
Break-Even Results
System 1. System 1 was designed with an annual input capacity of 5,000 tons; composition by inputs is shown in Table 1 [38]. The finished product was assumed to total 4,540 tons or 6,053 yd 3 . All output was assumed to be screened and sold in bulk form. System 1 required 2.48 acres of land: 2.05 acres for compost production, 0.25 for materials storage and preparation, and 0.18 acres for a runoff retention pond ( (Table 4 ). Total annual fixed costs were $12,629, with the greatest costs associated with the depreciation cost of machinery and equipment (58.6% of total). Useful life assumptions are listed in Table 3 .
Annual variable costs were for materials, power for machinery and equipment, and labor to accomplish the production cycle. The cost of materials totaled $36,657, 54.9% of total variable costs (Table 4 ). Power requirements were the estimated time and power needed to complete all activities at the facility (tractor hours, for instance); annual labor requirements were estimated by using a factor of 1.2 (power requirements multiplied by 1.2 to estimate labor). This labor factor was used to account for the additional time required for job preparation, repair and maintenance, breaks, and transport time around the site. The cost of power estimates for machinery and equipment totaled $18,872, and 917.1 h of labor at $12.23/h totaled $11,216 in labor costs. Labor details for other activities are shown in Table 4 . Total variable costs for system 1 were $66,745. The total cost for system 1 was $17.48/ton of finished compost. System 2. System 2 has an annual input capacity of 20,000 tons; composition by inputs is shown in Table 1 . The finished product was assumed to total 18,160 tons, or 24,213 yd 3 . All output was assumed to be screened, with 75% sold in bulk form and 25% bagged in 2-ft 3 bags. System 2 required 6.42 acres of land: 4.83 acres for compost production, 0.58 for materials storage and preparation, 0.57 acres for 2 buildings (a bagged compost and equipment storage building and a screening and bagging building), and 0.43 acres for a runoff retention pond ( Table 3) . A capital investment of $780,898 was required for the necessary equipment complement, with the largest expenditure made for the screening machine ($129,750) [41] . Capital costs per ton of finished compost were $43.00 (Table 4 ). Total annual fixed costs were $115,353, with the greatest costs ($61,950) associated with general overhead (53.7% of the total). The largest portion of the general overhead was for the fulltime manager.
Annual variable costs were for materials, power for machinery and equipment, and labor to accomplish the production cycle. The cost of materials totaled $171,341, or 68.7% of total variable costs (Table 4 ). Annual labor requirements were estimated by using a factor of 1.2. The cost of power estimates for machinery and equipment totaled $49,533, and 2,334.4 h of labor at $12.23/h totaled $28,550 in labor costs. Labor details are shown in Table 4 . Total variable costs were $249,424, and the total cost was $20.09/ton of finished compost (Table 4 ).
CONCLUSIONS AND APPLICATIONS
1. Windrow composting can produce nutrient-rich compost with thriving populations of beneficial microbial species, effectively eliminating e. coli and salmonella. 2. The per-ton compost production cost ranged from $17.48 to $20.09 for 4 specific blends. 3. The N-P-K-Ca values of the compost produced (based on current fertilizer prices, August 10) ranged from $33 to $37/ton of finished compost. A US Environmental Protection Agency price survey indicated a range from $26/ton for landscape mulch to more than $100/ton for high-grade compost. 4. Process and economic results indicated that breeder hen and pullet litter, as well as eggshell waste, could be diverted to a composting system that would produce a value-added product.
